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EACKC R OUM

It is the purpose of ~h1s progr ar to study in ‘epth the

inva~~ivt~ process by which schis toscim e ct~rc a r 1i~ infect ~he1r

vert~~hrate hosts. Skin Invasion fnvoJ~~es mu scular acti vity

and secretion from the post — and prea ct t abular gland ’ of

cercariae . Preacetabuler secretion conta in s p rote ol ytic

enzyme(s) which Is secreted deep into skin tissue. Th i s

enzyme(s) is considered to modify sowe component of the se

tissues , facil itating t~’e larval schistosones ’ s~1 gration from

skin horny layer into venules . C l ar i f i cat i on f t he  rel at ion -

shi ps between this secreted enzyz’e(s) and the leve l of cercar ial

production by snail hosts on one hand a n d  c ’e r e a r i a l  i rfe ct iv ity

for vertebrate hosts on the other hand has been one focus of

atte ntion. Infectiv ity of cerca riae was mea sured by their

ability first to penetrate skin , and second to mature in V Ice .

Other areas of 1nve sti gat~~on were as follows. A second focus

of attention was on the finding that concentrated secretion

appeared to have an inhibitory effect on the secretion c f  f r esh

emzy me . A third concern (with Dr. Murre l] , NMRI ) was cryopre—

servation of irradiated schistosotnules to be used in preparatio n

of a schistosome vaccine; a fourth , (with Dr. Dorsey, NMR I )

structure and function of the cercaria ] penetration organ s; ~

fifth (with Drs. Minard and Murrel] , N?.~BI) exploration of the

finnurogeni city of collected preacetabular gland secretio n ; and 0

a sixth (with Drs. Dorsey, NM R I , and Cousin , N114 postdoctoral

I~~~~~L aid, i SPECIAL
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Fe l l o w  a t B R T ) , evaluation and ~r
!t1La 3  tou parison (f -arly

po stp enetra t .ion larvae ( s e h i a t o s c m u l e s )  produced t.y different

methods.

OBJECTIVE . I. TO ESTABLISH BASF 1 1 ~~~S OP !~A ’~’ -
’I (-DAY

VARIABILIT Y OF SECRETED ~~~ ‘Y ~ 1F. AND TO RECOC~~l7E ANY

C O R R E L A T I ~~~ B E T W E E N  L E V E L S  OF I- ~~~Y M l  AC TI~ ’I~ Y A NI

C E R C A R I A L  P R O D U C T I O N  A~~~ I N F E C T I V I T Y

METHODOLOGY

A . Sn ai ls were ind iv id ua l l y  exposed , as in our rout ine

protocol , to S to 10 mirac id ia from a single r i r aci d i a l pool

and m aintained until their infections were patent as t e s t e d  by

cercarial emergence. This required about S weeks.

Cercariae were collected from His group of snails (an

isolated gr oup to which no other snails were added), and pooled

each Tuesday and Friday after the first day on which enough

emerged for stud y. Cercarial number s were ca l cula ted each

collection day from counts of 6 aliquot s ~f ~~ •
c w l  of c e r ca r ia l

suspension and the average upber per snail was recorded.

Enzyme was harvested over lirolenic acid from 7000 cercari.se/

ml in 10 in] volumes and its activity tested in vitro against the

dye—coupled collagen , Azo co l l , by the techniques developed

during FY 1976 and described In Annu al Report No . I.

To test infectivity, three mice were exposed by tail to ~C

cercariae from the common pooi for the day. The number 
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penetrating was calculated for each rncu st • by subtracting from

tho origira l 50 cercariac , the nuinber vl i c t  did not penet~~~te- .

Numbers of parasites maturing in each rouse were e-st ab lls ) -d

7 week s la t er b y manual recovery of the adult worrs .

Numbers of snail deaths were recorded on each collect ion

day. Results were recorded as long as sufficient numbers ‘f

cercarise could be colle cted. Data were grap !ed for each

parameter and are shown in Figure 3

A rep ]Ication (incomplete , in that worm burden s are not

yet availah]e) (Fig. 1) varied in design from the above- In

that 50 cercariae/ml were used for enzyme collection inste ad

of 7000. This modificat ion was necescary because a new shipment

of Azocol l had to be used. Fach bottle of Azocol l substrate

must be calibrated and the required adjustment r~ade to remain

within linearity of the spectrophotom eter.

B. In an attempt to reduce the variability inherent In

infections of 8 to 10 miracid ia per snail by synchroni7ing the

parasites ’ development , a similar experiment was d slgned using

cercarfae from a group of snails exposed in d ividuall y to I

ini rac idi um . All ini rac idi a were from a cor’r’on pool. Six weeks

po stexposure , 58 of the lflO snails exposed had patent in fe ct io n s .

Of these , 5 were isolated to provide cerc arlae each Tuesday and

Friday. The same proce dur es were use~d an (’ parameters me asured

as for the original and replication using m u lt iply infected

snails. Data are giver in Figure 2 .
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R E S U L T S

~~~. Cercar iae from mul ti p ly—in fected snails (8 to 30

mi r a c i d i a  per snail ). Results are available from the first

experiment and on? rep lic ation. The following variables

were tested (Fig. l)~ proteo lytic enzyme a c t i v i t y ;  snail

• deaths; average c e r e a r i a l  eme r g e n c e  pe r  s n a i l ;  7 c e r ca r i s e

penetrating; and Z worms matur ing.

One attempted rep lication failed because of the early

death from some unknown caus~ of many of the i”fected snails.

Another replication is complete e-x cept for matured worm

burdens (Fig. 1).

Day—to—day variability was characteristic of all parameters.

Inspect ion of the curve of enzyme activity in t h e  f i r st

experiment , however , suggested a pattern (Fig. 1). There was

an initial period of relatively low activity, a mid—per iod of

hig h e r , and a final period again of low activi ty , as measured

by digestion of Azocoll read spectrophoto me trica ]l y as absorbance

at 520 tim. Averages and ranges of absorhance readings , average

cercar ial production and percentages of cercar ial penetration

and worm maturation for the 3 periods are tabulated below .

POST-  A V .  E N Z Y M E  A V .  N O .  A V .
EXPOS URE A C T I V I T Y  C E R C / S N A I L  ~ C E R C A R I A L  A V . % W O R M

P E R I O D  D AY S A B S O R B A N C E  ( X 10 3) P E N E T R A T I O N  M A T U R A T I O N

I n i t i a l  low 3 4 — 6 5  0 . 3 2 5  2.7 90 42
M i d  h i g h  69— 111 0 . 4 2 1  3 .8  94 40
F i n a l  low 114—128 0 . 3 5 8  2 . 4  90 42

~ 
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Legend for Figure 1. ActivIty of enzyme sec ri -te d by

cercar lae compared with cercar ia ] p r odu c t i o n ~ y t h e  sam e

snails and cercarial infectiv i ty for m ic e . Data are

from two 18o]ated snail groups which varied ~ compo sit lot

o’ l y by snail deaths. Snails were expo se-d to P to 3n

ni ra ci c li a each . Data from the first group of snails a r e

sh o w n  b y broken lines; from the second group, b y sol i d

l i r s s .  F i g u r e s  b e l o w  t h e  a b s c i s s a  I n d i c a t e  t h e  s n a i l

pc~stexposure day on which the cercariae were collected :

num erators , the broken lines a n d  d e n o m i n a t o r s , t h e so l i d

l i n e s .  For e n z y m e  a c t i v i t y , g i v e n  in absorhance at 570 nm ,

x ’ s in  t h e  b r o k e n  l i n e  r e p r e s e n t  t h e  a v e r a g e  of 3 t u b e s  e a c h

c o n t a i n i n g  1 ml of A z o c o l ]  s u b s t r a t e  a n d  0 .5 ml of s e c r e ti o n

c o l l e c t e d  f r o m  3500 c e r car i se  an d  d o t s  show t h e  m i n i m a l  and

m a x i m a l  f i g u r e s .  Symbols are the same for t h e  s o l i d  l i n e ,

bu t  h e r e  e a c h  p o i n t  i n d i c a t e s  a c t i v i t y  of I r i  of e n 7 y r ~e se c r e t e d

b y 50 c e r c a r i a e .
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It appears that in these genera] te- r ns , the urveb of en z \rc

a c t i ’ i i t y ,  c e r ca r l s l  p r o d u c t i o n , a n d  c e r e a r l a ]  p e n e t r a t i o n

a l l  f o l 3~~wed the same general p a t t e r n  l i t  h ere was no d a i l y

correlat ion . Maturation of ad ’ilt worms did not conforr 1~~

t h i s  pa ttern , such maturation probably tt -l rg affe- tecl Lv

n u m e r o u s  c o n d i t i o n s  w i t h i n  t h e  m o u s e -  h o s t  v h i e J  a r e  p o o r l y

und er stood .

Whi le the difference between Ofl and 94% of cercer ise

pen etratin g may not seem Impressi ve , ‘istrfbu ti on of tli t RI

sar-ple s of 50 cercariac per rouse dur ing r l e -  th ree period ’

should be considered. Pene tration of  45 or l e s s  of the 50

c e r c a r i a e  u s e d  to  expose  ea c h  m o u s e  has in the past prover

to indicate poor penetrat ion and to result in low worm burd en -. .

During the initial period , onl y 56% of the cercarial sat’- p les

penetrated well on this basis; during the mi d—period , 73%;

and during the final period , only 507-..

Snails deaths did not appear to be directly related to

the da il y t r e n d s  in e n z y m e  a c t i v i t y ,  c e r c a r i al  p r o d u c t i o n  or

infectivity. Average numbers of deaths between collection days

d u r i n g  t h e  3 p e r i o d s  were  2 3 , 9 and  13 r e s p e c t i v e ly .

Data from the repl ication of the first experim ent are

presented in Figure 1. While this was to be a repl ication , ft

was unavoidabl y not an exact one. After infection the snails

became infested with rotifers . This is an adverse condition

for production of large numbers of highly infective cercar iae ,

— ----——— - —-——— ---- .-.-- . , -
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and is one of the snail ma intena n ce co n d i t i on s proposed In

t l i s  c o n t r act for later testing f o r  i t s  e f f e c t  on t l i t -

param eters of concern. The rotifer infestat ion was

contro lled by scrubbing the snails with 10% ethanol followed

b y a w a t e r  r i n s e .

B y way  of c o mp a r i s o n  of d a t a  from the or1g1r~~3 ~xper~~r e-n t

a n d  t he replication , the following points are n o t e w o r t l y .

‘1) The two curves of enzyme act i vit y were not s I r i l s !

The high enzyme act ivity during r i d pat ency recorded in t h e

o r i g i n a l  e x p e r i m e n t  w a s  n o t  dup l i c a t e d  i n  t h e  r e p l i c a t e .

Except for 2 brief periods of hig h activity , the curve of

t h e  r ep l i c a t e  s h o w e d  onl y the typical day—to —day var iation s

w i t h o u t  a n y  s u s t a i n e d  t r e n d s .  W h e t h e r  t h e s e  c ! i f f e r e n c e s  w e r e

the resu lt of the rotifer infestat ion remains to he shown In

experi m ent s in which the In festation is not control le d. It

sho u ld  h e em phasized that only the patterns of enzyme act iv ity

a r e  c o m p a r a b l e  h e r e  and  n o t  t h e  l eve l s , si n c e  t h e  Azc ’col l

s u b s t r a t e s  w e r e  n o t  t h e  sa me  a n d  t h e  n u m b e r s  of c e r c a r i a e  per

p o i n t  w e r e  d i f f e r e n t :  3500 in  t h e  broken line curve and rfl

in the solid. The latter variations were necessary to provide

absorbance readings which were within linearity of the

spectrop hotometer. (2) Curves presenting the average number

of cercariae per snail on each cercari al collection day

( c e r c a ri a e / s n a i l )  f o r  t h e  2 experiments did appear to be

s im i l a r , a l t h o u g h  regression curves have not yet been plotted.

. — -—— — - - • • ..- - -•______________________________ — I-— —
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H i g h  c e r c a r - i a l  p r o d u c t i o n  d u r i n g  s t - a l 1  r l c ! p a t e n c y  was

charact eri sti c of both experiments. (3) Cer carlal

production expressed as t- t- rcar lae/ sna il was consist ent ly

l o v e r  f r o m  t h e  s n a il s  w i t h  r o t i f e r  i n f e t t i c ’ n t h a n  f , o r

t h ’ ~~~-e  w i t h o u t  ro tlfers . (6) There- ~~a s  no Hpu a rent

corr elation of cercarial ir f e c t i v i t y  for mO use- hosts .-S t~~e r

betw een the 2 experiments ~-r with the o t t , i - r pa~~e ’ r . t e r a  w i t !

each experiment. This was true for l ot l p c - net te tion — n d

worm burdens. It i~ of importance , however , bert , to be

aware of a technica li ty which was overlooked thus far and whic h ’

will be considered in the future. Cercarise for app li c a t i o n

to mouse skin were not random~ y p lpe-t ted into be mouse

exposure vessels as ‘-hould he done. It has been our rn fit c r

for most purposes to select for penetration ce r ca rfae fror

concentrat ions at the surface of the cerc aria ] suspens ion .

T h i s  procedure automatic all y selects the riost v i g o r o us

c-e rearise and so should not be used in these experime n t s .

Here , a representative sample of the whole cercari al collection

is required for testing infect ivity.

B . Results of study of cercarlae from snail infect Ior~

with 1 mi r a c idiu w are grap hed in Figure ‘ . Un fortunat ely,

the 5 snails isolated for cercaris ] collections did not

produce enough cerc ari se for calculating the average cerc srial

emergence per anal) or for data collection over a long per iod

of tim e . This experiment is being rep eate d w ith a larger

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_

~~~~~~~~~~
•_ .



~~~_w~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -- -

~~~~~~~~~~

- - .  - -  —
~~

-

L e g e n d  f o r  F i g u r e  2 .  A c t I v i t y  of e n z y m e  s e c r e t c d  by  c e r c a r i ; i e-

fror . snails exposed t o ]  i r i rac i d itir each cor’pared ~.-1th the

iT )ie (-tiv~~ty for m ice- of the cc-rcar iae from the ~eame pool .
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number of snails. The only simi l at trends among the curves

shown in Figure 2 occuzred from the 68th through the 8 5 t h

days postexposure of the snails . At this time , en zym e

a c t l v l t y, cercar ial penetration and worr n i at ura t io r ,]~~

decreased.

OBJECTIVE II. INh IBITORY QUALITY OF ‘IhE ~F (;R FT ID

PREA CF:TABULAR GLAND S ECR t- Ti ~~

Background. Some years ago we showed that an Initi al

exposure to ce- rcar ia e of Schistosoma T r a ps o r ~~ gave mice

partial , l o cal protection aga inst a subsequent challenge

presented wI thin 2 days. Worm burdens of the cha ll enge

cerc-ariae were reduced by 67~ with a 1 hour inter exp osure

interi’a ]; 50% , with I day. After a 1 we~~k interval , th ere

was no protection . The prote c t i on was for the itost part

against cercaria] p enetr at io n. Wl~~h a 1 hour interexposure

interval , pen etrat ion was reduced by 707; 5 hours , 2l~~; I day,

17%; 2 days , 1.2%. While the percentage red uc tion here does

not seem as great as in worm burdens , this level of reduction

of penetration is compat able with that of the worm burdens.

There was no reduction in penetration after 3 days or there-

after. It is possible that both in itial entry into skin and

m igrat ion therein were inhibited. No mech anism s of protect i on

have been id en t i fied .

After it became possible to collect preacetahu lar g l e r d

- - 
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se c ret ion in vitro , the h ypothesis was consid .-red t h at

tb~- pre se-n ot in the penetrat e -c l skIn area of p r e a c e t a l u l a r

g land secretion from the i n i t i a l  cerc ariae- r i g ht t e  th

p r o t e c t i v e  cond it ion . The secretion was t e~~te - d in ’- l r c ’

for its m l  ihi tory effect on secretion of enzyme 1 . ’,- adde d

cer c- aria e.

~-‘FTH0DOIOGY

Preacetabu lar g land secretion (Preparation A ) was

co)~~ect ed after stim ulat ion of varying riun he r s of cerc ariac -

by ]Inoleni c acid in c~ temperature gradient as descr ibed in

A nn eca l R ep crt $1 of Jul y 1976 , the cercari se filtered out ,

and th e - a c tivity ag a in st Azoc oli assayed. The numbers of

cere ari se - used were ~P0O , 2000 and 500 In ]fl nil of water.

For th e - te st preparat io r ( F) , SOP cerc ariae were sti m ulat e d

as ; ! ‘-e-  i n  IP n - I of p ret~~ ra t ion  ~A secretion and a sim i lar

r i r h e r  we-re s t I r i l ~~ t e c i  ~r t.- 41t er as the c o ntro l (Preparation

C). A zoc ol 1 v t lc a c t i v i t i e s  were re,~i spe ctrop hoto tne tr ica ])v

as ~~ t cv e.  W1 t 1 o u~ l nhl h l t c ’ , , l-fl ? vme act~~v 1ty i n  the test

p ?e - p a r a t i o r  P less the a c t i v i t y  c f the ori g in ’- l secretion (A)

sh o uld he equal to th a t of the contr ol (C).

To establish where the i n h i b i t i o n  o curred , th at 5t ~~, in

the pe ne tration response of the cercar ise , in the emission of

secretion from the glands , or in actua l blocking of enzyme

a c t i v i t y ,  cercari se were observed tricro scop ica l lv and their

rea ct ion s compared in the stinu lation vessels in prev iousl y

-~~~~~~ - - 
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col1e~~ted secretion a t e !  i n  w a t e r , ar i d depletion of t i e

p r e g l a r i J a r  c o n t e n t s  in c s- r c- ar iae was ans e-55e- d l i s t  o—

c h e m i c al l y wi th p u r p u rm n  ! n d i c a t o r  ( A ] i z a r . n  ~o . 1) .

R E  S U I. T S

Harvested se-c ret i or from ~OO0 or m ore ce rca rl a e appeare d

to be comp letel y i n h i b i t o r y  to the Azo col lyt ic activity of

enzyme from 500 added cer carise tested in it. Figure 3 records

data from 3 rep lications , each shoving averages of abscrbance

readings at 520 mm from tri plicate enzyme— A zocoll tubes for

each column . Harvested secretio n from 2000 cercar iae l a d

less inhibitory effect , and from 500 c-ercariae , no effect.

In the latter case , the difference between P and A was essent iall y

equal to the control act iv ity. (Fig. 3). These data constitute

first tests. More sop histicated experim ents must he done for

confirmation .

As concerns the specific point of effectivenes s uf

secretion Inhibi tion , inhibit ion of cerc arial response ,

emission of glandular contents or enzyme activity, observa-

tions made in tri p licate with different secretion harvests

sl owed that cercar iae in secretion d id respond to st imu lation

by attempting penetration of the li p idiz ed surface a-~ quic kl y

and comp letely as did cercariae In water. Thus , secretion

did not block the cercaria] penetration response. Assessment

of the degree of secretion histo ehe tni cail y ii i rot comp lete.

-— ~~~~~ ~~~ ~ ->~~
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OBJECTIVE III. CRYOPRESERVAT ION OF SCUISTOSOMULES FOR

PREPARATION OF A VAC CIN E

METHODOLOGY

Various conditions for cryopreservation of schistoso— u les

of S. mansoni have been tested b y cooling the organism s , h o l d i n g

them in liquid nitrogen for 24 hr , thaw ing, and observing t~ .er

for any obvious motion (with the dissecting tnl cros ccpe ~ 30

magnifications). The medium used was lactalb umin h ydro !’-sate

in Earle ’s salts and contaIned dimethy l sulfoxide (DMSO) as

t h e  c r y o p r o t e ct a r . t .

Conditions tested were: D~~SC concentrat ions; cold

equilibration time before cooling; type cf cooling - e s~~e~~:

packed vs unpacked schistcsomules; seeding vs mcn —se c-~~!rr

seeding temperatures; cooling rate; and thawirg r.- t € .

RESULTS

In some experim ents 5O~ or more of the croan~~s-s ‘~~rc

obviously motile. Their infectivity for ~~i c c -  has not ~- e t  bc~~n

assayed.

Conditions p ro v id ir .g m ost or~~~n ismn shcu -in g —o- .- c ~~~~~~~r ‘ er ~~~:

t’ -~S(~ , 1 M ; equi1~~hr~~t~~cn timo of 7 rin ut e -~ r-m r. ~ho~~te~

I n s t . a d  o f  t~:p c r e d  c c n t r i f e ~~c- t u h e s  ; n o r p a c h e d  ~ r~~ar ~ !~~~~

seedin g at — (i~~ C ; and a slow c o c l i r g  rat e s I c s F  t h a n ] ’ C / ~~ i r .

D a t a  ar e  n~’t c o m p l e te  or .  t h e  e f f e c t  of  d i f f c r c r t  t h a w i ~~r r a ~~~ c .

- ~~~----~~~~~~~ - -p _.~~~~~~~ ~~- -rn — 
— ____ -- - _ -
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Attempts to substitut e metha nol (l7.5~~) for DM50 have

not been successful , although a pr epr int by Farrant and James

doe- s report partial success with t h i s en d e a v o r .

OBJFCT IVE IV. UNDERSTANDING 1HE FINI . STR IJC ]IRAL

MORPHOLOGY OF CER CAR IAL PFN F :TRAT ION ORGANS

N E THU DO! 0 C V

Calcium is known to be present In hi gh molar concentration

in the preac etabuiar glands of S. nansoni cercariae. In colla-

boration with Dr. Charles Dorsey at NMR I calcium was loc al ized

within the secretion granu les in the glands. Cercarise were

conc entrat ed , and incubated ir cne of the cytoche mi cal reagents

useful In detection of calciur ’ (potassium oxalate , potass ium

pyro ant imon ate , chiora nuli c acid or silver r .itrat e), and studied

as appropriate in polarized light or fixed in gluter alde h yde and

prepared for electron microscopy.

R E S U L T S

Calciu m , apparentl y largely in the ionic state , was

localized in cercariae in onl y one of the two types cf secret ion

granules present in the preacet abular glands (Fig. 4) and In penetrat ed

• skin , namely, the type with electron lucid spots. The metallic

cati on was concentrated in the electron lucid areas. Abse nc e

of ca l ciu m in the homogeneous —appearing type of granule

demonstrated that the two types of granules were dis similar

cytochemically as well as In ultrastruct ura ] appearance.

~
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OBJE~ Tl VF V. IMMUNOGFN I (:JTY ( IF  ( 0!  L E C I  t;D PR ~A (F1A Bt1 AR

C LANI) SECRF’l 10~.

N ET }3OD OLOC.Y

tn collaboration with Dra . Patr i ci a M ina rd and Darwin

~‘Iurrei1 at ?-ZMRI, the itnm unog eniei ty of collected secretion

was studied . Secretion was co ll ect e d from cerc ari se stimu -

lated by skin surface li p Id. Protein con ent r~it Io rs were

recorded ; prot eol ytic activity was assayed aga inst A2 o c o Jl ;

the secretion was fractio nated by disc gel eletr ophore sis ,

m olecu lar sieve column chroma tograp h y and i soelectr i c

focussing; and m ice were imme rized according to various

schedules of injections of the secretion In adjev ants :

Freund ’s complete or incomplete or slur . Sera were tested

for antibod y by passive cutaneous anap hylaxis assay, double

gel diffusion and protection experime nts.

RE S Ut T S

Preacetabular gland secretion is a heterogeneous m ixture

of components containing both protein and carboh ydrate. At

least two of the components have prot eol ytic activity w h i c h

may be important in the penetration proces s . k’fth the protocols

emp loyed , immun ization elicited IgE and/or IgC antibody response.

Neither the cercarial secretion anti gen alone nor in concert

w i t h  a d u l t  f r e e z e — t h a w  a n t i g e n  was protective as shown by

-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~ —~~~~~~
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absence of reduction In w o r m  b u r d e n s  of ric e - ~ftcr t r ~- i i n 1z~~—

t I o n .

Failu re to prot ect i n  any of these systems probably

r e f l e c t s  a f a i l u r e  t o  i n d u c e -  a ] ]  n e c e s s a r y  typ e - s (1 respi- rseS

w h i c h , a c t i n g  I n  c o n c e r t , a f f o r d  p r o t e c t i o n .  I m m u n i z a t i o n

w i t h  cer carla ] secretion did in duce T g F  a n d / o r  I g C  a n t i b o d i e s ,

but such were not sufficient in quality and/or quantity to

p r o t e c t  m i c e .

OBJFCTTVF V I. COMPARISON OF F 1N F  fl!~l I ( : T U R E  A N D  D~ .\ E L n P M F N T  OF

C F R C A R T A E  I N  IN  ~~l T R ( )  AN !)  IN  VTV O SCHISTOSOMULES

B A C X G h C !  N I )

P e r h a p s  t h e  m o s t  c r i t i c a l  a sp e c t  of the infective proc e ss ,

as see n b y the p a r a s i t o l o g i s t, i s t he po s t p e n e t r a t i on  p h a s e

during which the schistosotres ar *- ~n skin and thus easily

av r l l a h l e  for experimen tat ion. During penetration , the parasites

t r a n sf o r m  q u i c k l y  from fr ee—living aerobic cercarise to post—

pene t ra t i o n  p a r a s i t i c , anaerobic larvae called schis tosotrules.

t-’h ile the change occurs under natural conditions during entry

i n to sk i n , the specific stimu ]us(i ) is rot ki~ovn .

Schis to som ules are needed in large number s for immu nological

studies . Their harvesting after pene t r a t i o n  f the skin in situ

i s timeconsumin g. More important , their contact with ho st p lasma

makes them useless for some imm unolog ic-a] stud i es. Therefor e ,

several art i f i c i a l  means have been devis ed for the production 

- —— — —••  -—“•• _~~~~~ — - - -
~~~~~~~~~~~~~~~~~~~ - -~~~~—~~~—- - _____
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I n v i t r o  of s c h i s t o s o r - u ] e s :  m o u s e  or d r i e d  r a t  s k i n  p e t ~e t t a —

tio r , shear pressure , cent ri fugat i on R f ld  t empert iture r a i l p u ] a —

tion , treatment w i t h llno ]ettic acid , intrap e r i t i o nea.l n a i r t e - —

ii a r1 c e .

A successful me thod f o r  c u l t i v a t i n g  s c h i s t o s o m u l e s  has

also been dev e loped.

Many Immun olog ical studies are now being done with

artif i cially—induced in vitro—produced schistoso trules , hut a

co m p a r a t i v e  e x a m i n a t i o n  of t h e i r  s t a t u s  as schistosomt,le ’-~ a n d

t h e i r h i s t o l o g i c a l  d e v e l o p m e n t  h a s  n o t  been  t r a d e .  T h e r e  I s ,

therefore , a need for an assessment of the status of H
schistosoniules produced artificial l y in vitro. t’ sing cercari se

arc’ t r u e  in vivo schistosotru les for compari son , the histological

and cytological changes which occur in sch istosomu les collect ed

in vi tro and developed in cu l ture , toge ther w ith t h e  rate of

deve lopm ent , is being studied. To date only the shear pressure

ar ti ficial method has been used . Schistosom ules produced by

the other artificial techni ques will also be investigat ed.

The following questions are posed:

(1) How closely do artificiall y produced schistosom uies

conform to the definition of t iue schi stosomules recovered

from penetrated skin?

(2) What is the degree and rate of transformation in

in vitro and in vivo schistosotnules?

(3) What is the transforming stimuiua (i )?
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I n  v i t ro a n d  in viva sch isto somules we re • xawlne d after

1 , 3 , 6, 24 , 72 , 96 and 120 hours. Schis to s r t l e s  were

harvested in vi tro b y subjec ting cerc -a riae to shearin g forces

created by 14 passages throug h a 21 gauge reedle and cu ltured

for the above tim es. In vivo sch istos onuie s were obtained

af ter cercari se p laced on the ear s of anestheti r ed mice had

penetrated the skin. After the above ti m e periods , t il e mice

were sacrIficed , the exposed areas of the ear c-xc ls ed and the

dorsal and ventral skin layers separated and minced , freeing

the organisms. Schistosomuies were obtained from the lungs

by m i ncing. They were subsequentl y Incubated for the per iods

lis ted. They were obtained from both ear and lungs after 96

hours.

Cercariae in vivo ~n.d in vitro were compared wit h regard

to the following differences. Cercari se are water—ad apted;

tailed ; rigid and precise in ‘lihonette ; CHR positive (the

cercarial gly c o c a l yx (an tigen ) combines with an ele ct rophoret i—

call y fast—moving gamma globulin (antibod y) of Immune serur’ to

form an envelope); the acetab ula r glands are full of secretions

as demo nstrated his tochetnicall y with purpur in and PAS; there

is no development in culture. In contrast , schis tosomules are

water—intolerant; tail—less ; worm—like In appearance and

loc-omo t ion~ CUR negative ; have emptied their a c€ t ab ul ar glands;

an d  develop in culture. 

-- ~~
--
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C e r c a r l i e  a n d  in  v i v o  a n d  j~~~i v i t r o  schistosomul es te rt -

p r e p a r e d  f a r  e l e c t r ot i  r l c r o s c o p v  f o r  an ex t - i s l v e  c u r p a r a t i v e

study of their hi s tolog ic a l d e v e l o p m e n t .

R E c V I

At the optical m icro scope level , unsta ined schfstosom ,,Ies

produced by passage through a 71 g a u g e  r e ed l e , a p p e a r e d  s ir ’f l ar

In behavior and morp hology to those rroduc ed in viva. Poth

were tail—less and wor m — l ike in appearance and locom otion .

ApproxImatel y 99% of all in viva schi sto som ule s were water

intolera nt , dying within 15 minutes , death being de-terr lin ed ~y

the accepted criteria of death of  schistosomules: loss of

movement , loss of flam e cell activity, extrusion of ventra ’

sucker , bubbling of cytoplasm throug h membranes and loss of

meth ylene blue exclusion capab ility. In v i t r o  s c h i s t o s o m u ] e s

b e c a m e  water intolerant more slowly , 95% In 48 hours (see

table below) .

On the other hand , in vitro schisto som u les developed

s u c c e s s f u l ly  In  c u l t u r e , a b o u t  70% l i v i n g  a f t e r  12 0  h o u r s . This

is abo ut the sa m e as  in viva schlstasomul es , roughly 35% of

which die i-n skin. By contrast , ce ,rcariae d id not survive In

c u l t u r e .

Results of the Cl-hR test , the PAS postacetabu lar gland

assessment and the FM data ‘‘- e not comp lete. A].] the organisms ,

t h a t  i s , c er c a r i s e , and in vtv ø and In vitro schist osotru les , h a v e

bee n f i x e d  a n d  e m b e d d e d  f o r  s e c t i o ni n g  and  f o r  h i s t o c h e m i c al

anal ysis using PAS for all the time periods l i sted . 
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TIME IN HOURS

1 3 6 24 48 72 9t-~ 120

WATER TOLFRANT

IN V I V O
S(: j - i l S l O S O M U L E S  17-

I N  V I T R O
S C H I S T O S O M U L E S  99% 952~ 9 5 %  67~ 5%

L I V I N G  I N  (‘U I I U RF

IN VITRO
SCHISTOSOMULES 95~ 95% 90% 90% 76~ 70% 70% 70%

CERCAR IA F 99% 95% 92% 60% 30% 2%

PREACETABULAR GLANDS EMPTY

IN VIVO
SCHISTOSOMULES 99%

IN V I T R O
S U 1 - I 1 S T O S O M U L E S  1% 5% 7% 13% 83% 98%

C E R C A R I A E  0 0 0 d e a d

D I S C U S S I O N

Results of evaluating cercariae which were harvested regul ar~~v

twice a week from 3 isolated groups of snails , and tested for

emergence level , activity of secreted enzyme ard Infectivity m ade

one point clear: vari ability was a prime chara cteristic of all ti-f

param eters. It was not only obvious in the day—to—day results , but

-



~ — -
~~~~~~~~

-- ---. -
~~~~~~~

—

also In the p a t t c r n  of long et t r e n d s , w hich wer - o ft &- i- ci veek~~’

duratio n . It is apparent that t i e  data re orded for the diffe r e n t

p a i a r e t e r s  in t i e  first exper im en t fo~ c - er c a r i a e  from r - u l t ! p lv

posed sn ails with the same p atent period (the sar-~- d a t t -  of

exposure) did not show a d a I1~ cor l e l a t i o n . The genera l rivera ]]

patterns , on tb .- other hand , ‘were ccm r o r i for &-r zy ne a c t i v i t y ,

cerca r ial em ergence , a-nd cerc~~r 1al p ene t~~at io r: lover for ~ih c - u t

the first month and the final ~ w e e k s , a n d  h i g h e r  ‘u r i r g  t i e  rid

period . Neither snail deaths nor worm Lurd ens followed this

pat t e r n .

In an Intended rep licate experi m ent , the genera ] t ren d c

discussed above were not noted , no r was any correlation evid ~~r-t

among the different param eters. The fact that the snails were

inf ested with rotifers r a y  e xp l a i n  t h e  l a c k  of  c o r r e l a t io n .  O r e

more replication , without rot i fer s , is r-e i- d ed to (-heck for

possible reproduc ib i lity of patterns. Such is in progress.

Data for cercari se from l— mi ra ci di ur - snails with the sage

exposure date confirmed the Lig i v a r i a b i l i t y  and the absence of

a n y  d a i l y c o r r e l a t i o n s  a m o n g  t h e  p a r a m e t e r s . T h e y  a l s o  affirm ed

a s im i l a r general overall pattern for e n z y m e  activity and cercar ial

p e n e t r a t i o r . T h e  c u r v e s  p r e s e n t  an  o v er a l l  g e n e r a l  d e c r e a s e .  W o r m

burdens again did not follow the above pattern , although by all 3

criteria — enzyme activity , cercarial penetration and worm bu rdens —

the pattern was strongl y downward during the final 15 days.

Unfortunate l y, cercaria l harvests were not large enough to permit

- —~~~~~~~~~~~~ --
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c a l c ul a t i on  of t h e  a V e r a g e  d a i l y  r i - r i e r s  of ~erc-~~riae - i-m erg ing

per  s n a i l .  The  p a t t e r n s , h o w e v e r , w e r e  n o t  s i m i l a r  t o  t h o s e  of

t h e  f i r s t  e x p e r i m e n t  w i t h  c e r c ar i a e  f r o m  a group of snails expc -sed

to  8 t o  10 p i l r a c i d i a .

I t  s e e m s  p r o b a b l e  t h a t  w o r m  b u r d e n s  w i l l  n o t  c o r r e l a t e

very closel y w i t h  a n y  of t h e  o t h e r  p a r a m e t e r s , p o s s I b l y  b e c a u s e

of the tremendous influence on worm development of the interna l

host environm ent.

Jud gment should be reserved on corre la t i cn between enzyme

act ivity and infectivity in terms of ce rcaria l penetration bec au se

the cercariae used for penetration were unwittingl y selected for

vi gor during our process of concentrating them for counting.

Final analysis must a w a i t  replications (in progress) of t h e — t

experiments , after which the expected limits of variation can h e

set and base ]ines of en?vmi- a ct i v i ty and other parameters c a n te

established for our conditions .

The second interest area w a s  concerned with a possible

inh ibitory qualIt y of concentrated collected secretion on further

enzyme secretion into it by added cercar iae as tested by activity

levels against Azocol l . That an inhibito ry quality of collected

cer c-a rial secretion may he detronstratab ]e a-nd m ay play a role in

prevention of infection of mice In vivo is of great Interest.

There is a possibility that In this quality may lie the

exp lanation of a local tr~ nsient protection of mouse hosts

against h yper infect ion reported by Stirewa lt in 1953. Should

~~~~~~~~~ - .——~~- _ ___ _ .____ &~_.____- __  
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such i nh ib i t o r y  quality be con firri ed , the target a c t i v i t y

m u s t  he id e ntified . Observation (f cerc arla e- in collected

sec r e t i o n  I n d i c a t e d  t h a t  t h e  c e r c a r i a l  p e n e t r a t i o n  r e sp o n s e

was n~~t blociced . It may he that added cer carlac- In concen-

t r a t e d  c o l l e c t e d  s e c r e t i o n  d i d  not emit their prea cetabu ]ar

secretion as completely as did control (-ercar iae in water , to

the end that enzyme concentration was red u ced. Or , of course ,

a true enzyme inh ibIto r- might be present. This ray be diffic u lt

to p r o v e  since act ivity of the te st enzyme is superimposed on that

of the original collected secretion .

These experiments seem worth ori tinu lrg. If the presence

of secretion from initial penetrant s ian and In skin car he shown

to be the means of preventing sub sequent parasite larvae from

e n t e r i n g  i n t o  a n d  m i g r a t i n g  in  sk i n , t h i s  f i n d I n g  oa r  h a v e  signifi-

cance for our understanding: (1) of the biological relationshi ps

between hosts and parasites at this stage of infection; (2) of

possible mechanisms of early host protection (although for a

maximum of 2 days) ; (3) of a way by which parasites insure against

host death by overwhelming infectio n ; and (4) perhaps eventually of

a design for a method of prophylaxis.

Our third objective Is to ‘~evelop a techni que for storing

schistosou ’ules so as to retain their infect ivit y. The capability
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of s t o r i n g  i r r a d i a t e d  s c h i s t c i s o m u l e s  is  p r e r e q u i s i t e  t o  t h e i r

i s e  as a vaccine. The sch is tos on u le s rust he infective . Results

of our trials of cryopr es erv a tion of these organism s have m a d e  us

hopeful of success , a-nd defined some of the optimal conditions for

prese- r~- ing these organi sm s so they car be recovered living a-nd

m o t i l e .  When opt imal co n d itio n s have been defi n ed , infectivity

of the stored schl stosoniu le s for mice w i l l  he tested . This work

i s in collaboration with Dr. Darwin Murre ]] at N M R I , who has

found that initial exposure of mice to irrad i ated living

schistoso irules protects against up to 90% of challenge cercariae.

Fourthly, descri ption of the fine structure of the larval

parasite organs used during skin penetration is an essential

aspect of understanding the process of infection by schistosom es.

Mucus from the postacetab ula r glands , and enzyme(s) and calciu m

from the preacet abulars are known to he I of the acetabu lar g ia rd

products. Surprisingly large concentrations of ral c iur- were

encountered by others in the preacet ab u lar g lar s . Its function

appears to be to regulate enzym e activity, protecting ce rcar ia i

tissues from it by the high concentrations in the glands a-nd

sti m u l ati n g it by low concentrations as it diffuses th roug h skin.

Our aim , to localize the calcium and to ascertain whether it was

present not onl y in cercar ial glands but also In penetrated skin ,

was achieved . It is our further aim to learn the fate ü f  t h i s  c a t i o n .

in skin as the granule membranes degenerate and release it.

Efforts i r a  fifth interest area were directed toward 
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ascertaining the imm unogenic ity of preacetabu lar gland secretion ,

s i n c e  it  is t h i s  g l a n d  p r o d u c t  w h i c h  is emitted into

skin and which diffuses widely through ep idermis and (‘er-m i s

around migratory parasites. Only the first steps toward this

goal have been taken .

The fact that immunization with cerca rial secretio n produced

IgE and/or IgC antibodies in mice hut did not protect them

agalnsc challenge cercar ial exposures , means that some conditions

required for protection were not fu lfi l led . Protect ion may

require other antigen concentratio n s , concurrent and/or serial

presentation of other antigens , or other imm un i zat ion schedules.

In addition to the humoral , the cellular response to injected

cercar ial secretion should be studied. This is so planned .

Finally, we have taken advantage of the fact that an

electron microscop icall y tra ined paras ito log i st , Dr. Carolyn

Cousin , is spending a sabbatica l year in this laborator y on an

NIH—MARC Fellowshi p. With her he lp, we have begun a study

of the validity of in vitro artif i cially —produced schistosomules

as compared with in vivo true (ski-n penetrated) schistosonrules.

The comparison includes behav ioral assessment , fine structural

changes and rates of development.

It appears at present that the best artificiall y—produced

schlstosotnules are provided by the shear stress m ethod. Compar iaon

of these with true schistosomul es revealed that the organisms

do indeed conform to the presently used criteria for th is stage

- -- -- - -—- —-- -



of parasite ( Se e  R e s u l t s)  but transfor m from the cercar ia ]

stage much more slowly thar do true ones. Elec tron microscopic

examinat ion is In progress.

This stud y is of importance because , even though much

use is bein g made of the artificiall y—pr oduced schistosomules ,

their validIty as schistosowules has not been proven . It is

our purpose to test the validit y of all. types of artific ia ll y—

pr oduced schistoso niules. 
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C O N C L t ’ S I O N S

1. Expected limits of variability for enzyme activity In

collected preac etahu lar gland secretion of ce rc a r i ae of

Schistosoma tnansoni have been defIned for our conditions.

2. Day—to—day variations in enzyme activity did not appear

to be related to other parameters , but long—t erm trends m ay

be: to cercarial emergence levels a-nd possibly to cerc arial

penetration capability. Reproducibility of the curves is

u n d e r  t e s t .

3. Curves representing enzyme activity, cercar ial penetr a—

tion and worm burdens were dissimilar when cercari n e were

— from snails with and without rotifer infestations and from

snails with infections developing from single and multip le

mi r acid ia ] exposures.

4. Ar enzyme activity — inhibiting quality was suggested i-n

concentrated collected secretion , but whether its point of

effectiveness was anti—enzym e or anti—s ecretion has not been

established.

5. ~~~~~~~~~~~~~~ secretion was imm unoge n ic in that it raised the

itrinr unog lobu ]ines IgE and/or IgC in m ice . With the tmmun iiing

schedules used , secretion was not protective .

~~~~~~~~~~
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6. ‘ Methodology is available for cryopreservatlor i f

s ch i s t o s o m u l e s  w h i c h  a r e  l i v i n g  a n d  m o t i l e  u p o n  t h a w i n g

after storage at — l96 ’C . \ The techni ques need improvement

to insure recovery in qu~ nt Ity of schlstosomules which

retain rot only motility but , more important l y, infectivity.

7. Calcium in preac etabular glands , a bivale rt cation which

appears in vitro to have a regulatory function for the

penetration enzyme , was shown to be concentrated iii the

electron—lucid areas of one of the two types of preacetabular

secretion granules. It was present in penetrated skin as

well as In the cercar lal glands , and was largely ir the

ionic state. The two types of granules were thus chemi call y

cliff erent.

8. Organisms stim ulated to transform from cercari ne to

schistosoniules by the shear stress method , did so transform .

The change was muc li slower for artificiall y—produced than

for true schisto somules , requiring up to 48 hours for the

former as compared with ] hour or less for the latter.

SIG N IFI CAN CE

A more comprehensive integrated picture is needed of the

invas ive process during which schistosom e cer cariae penetrate

vertebr ate host skin and mi grate in it , concurrently tr ans—

form ing from cercariae to schistosomu les. Such p icture is 
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pertinent to imn iuno ]og ica ] , biological , biochemical ,

prop h y lactic and chem otherapeutic investigations. It is

o u r  p u r p o se  t o  c o n t r i b u t e  a s  comp letel y as possible to

t h i s  t o t a l  p i c t u r e .

Our Investig a tions of the expected normal leve ] of

secreted cercarial enzyme activity contribute to understand ing

the mi gratory p hase of the Invasive process , since this enzym e(s)

is secreted into skin by penetrants and apparentl y acts on some

element of the host tissu e thus aiding migration throug h it.

Estab lishm ~ nt of normal enzyme activit y levels is prerequisite

to reasonable attempts to change this activity by reducing it.

R e p r o d u c i b i l i t y  of base line results showing the variations

a-nd patterns of cercar lal enzyme activity, cercania ] emergence

levels , a-nd cerca :ial infectivit y in terms of penetration and

mature worm burdens Is being investi gated. Should it be established ,

the function of the penetration enzyme would he clarified.

An obvious corollary to t h e  enzyme activity studies Is

elucid ation of the role of calcium in enzyme control. Locali zatIon

of the calcium is related to this aspect of the work .

Also closel y related to the study of secreted enzyme

activity levels is the attempt to find Deans of inhibiting this

activity, or at least reducing in some way the cercarial capability

of penetrating skin. Should an inhibitor y function of concentr ated

_ _ _ _  _ _  
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collected secretion be confir m ed , this wou ld he of major

v a l u e  in the long—t erm approach to such an objective .

F u r t h e r  s t u d y a l o n g  t h i s  lire should contribute to elucidation

of the inter—related biology of the hosts and parasites ,

mechanisms of early host protection , parasite demograp hy ,

a n d  p r o p h \ ’l ax i s .

Related to the prop h y lactic aspects of control of

s ch i s t o so m i a s i s , a r e  t h e  i n v e s t i g a t i o n s  of I m n i u n o g e n i c i t y  of

cercanial secretions and those on cryopreservat lon of irrad iated

s c h i s t o s o m u l e s .  B o t h  m a y  p r o v i de  I n f o r m a t i o n  - o n t r i h u t o r y  to

the design of penetration inh ibitio n or a vaccine.

Validation of the schistosomular status of artificially

transformation—sti m ulated cercaniae and delineation of their

development are in the area of vaccine production also , since

many of these organisms are being used in immunological experi-

ments. Understand ing the comparative rates of their development ,

not onl y in culture but also In ear and lung tissue In vivo ,

will give in formation -necess ary for p lanning attacks on the

parasites in these host tissues before maturation of the worn-s.

I - 
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